Covalent carbohydrate-protein compounds are wi dely distributed natural products. They are found mainly in animals, vertebrates and invertebrates, but recently their occurrence in green plants has also been reported1. All carbohydrate-protein compounds have the same fundamental structure. Their overall design is that of a polypeptide backbone to which are joined covalently one or more carbohydrate groups ( G o t ts c h a l k 2, M a t t h e w s and L o z a i t y t e 3). According to the nature and the structure of the carbohydrate moiety two main classes of carbohydrate-protein com pounds may be distinguished: -proteo-glycosaminoglycans, or shortly proteoglycans, and glycoproteins. In
One of the most fascinating aspects of glycoprotein biochemistry is their biosynthesis. Even this selected topic is so voluminous that I will mainly discuss the general mechanism of glycoprotein biosynthesis, the specificity of the enzymes involved and their locali zation inside the cell. I will illustrate the principal features in some detail on a few well investigated gly coproteins rather than give a review of all relevant data.
As to the biosynthesis of the protein moiety of gly coproteins it has been shown for mouse immunoglobu lins quite unambiguously that the polypeptide is synthes ized at membrane-bound polyribosomes of the rough endoplasmic reticulum (for references see M e l c h e r s 7) . Most probably these polyribosomes are attached to the outside of the rough membrane. The protein is synthe sized by the well studied mechanism in which the ge netic message is used as a template for the nature, number and sequence of amino acids, all joined to gether by a single, most probably unspecific enzyme system. The synthesis of the polypeptide takes only a few minutes.
By contrast, the heterosaccharide chains of glyco proteins are synthesized by highly specific multiglycosyltransferase systems ( R o s e m a n 8). The synthesis of these enzymes is of course under genetic control and in this way the carbohydrate chains are also genetically determined, albeit indirectly. Their synthesis may take 90 min or more.
The carbohydrate residues are added to the poly peptide chain in a stepwise manner, one at a time, the first residue to the functional group of a side-chain of a constituent amino acid, the others to the growing carbohydrate chain. The mechanism is similar to that known to hold for the biosynthesis of oligo-or poly saccharides. The donor of the sugar residue is a sugarnucleotide and the acceptor either a peptide with a unique sequence of amino acids and conformation or a carbohydrate chain with a unique structure. The catalyst, i. e. the glycosyltransferase, has to fit both the donor and the acceptor. fore re-investigated the question using packed polyri bosome preparations from rats injected with 14C-glucosamine. The radioactivity found in these prepara tions was not a consequence of contamination, but was due to the presence of 14C-glucosamine bound to tri chloracetic acid-insoluble material that could be partly released from the ribosomes on incubation with energy sources and supernatant enzyme; the release of the material was doubled when puromycin was added to the incubation medium. In control experiments with polyribosomes obtained from rat liver shortly after injection with 14C-leucine the nascent ribosomal pro tein was labeled. In this case glycosylation of the poly peptide must have occurred while the nascent polypep tide was still associated with the ribosome. It would thus appear that the transferases joining a sugar residue to serine, threonine or hydroxylysine residues are highly specific for the surrounding amino acids and for the conformation of the polypeptide chain. The surrounding amino acids contain one or more marker-amino acids, guiding the transferase to the correct amino acid residue. Thus, it has been shown that the sequence In view of the presence in goat colostrum of U D Ptrisacdiarides (Fig. 5) It is significant that rat serum albumin, which is carbohydrate-free, is synthesized and secreted by liver cells by the same pathway as that described for glyco proteins ( P e t e r s et a l. closely. The enzymatic, non-ribosomal mechanism for sequence determination does not work as faultlessly as does the template mechanism. The advancement made in our knowledge of the biosynthesis of glycoproteins in the last decade is tremendous. But as always in science, the widening of the horizon poses more problems than it answers quest ions.
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